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The role of O-GlcNAc in zebrafish embryogenesis
Danielle M. Webster, Lance Wells, Scott T. Dougan
University of Georgia, GA, USA
The role of post-translational modifications such as phospho-
rylation and proteolysis in regulating the activity of develop-
mental pathways has been studied extensively. Little is known
about the role of the common post-translational modification O-
linked h-N-acetylglucosamine (O-GlcNAc). O-GlcNAc occurs
on serine/threonine residues of nucleocytoplasmic proteins such
as cytoskeletal proteins, tumor suppressors and transcription
factors. Although studied extensively in plants and mammalian
cell culture, the role of O-GlcNAc in animal development is not
fully understood. The addition and removal of this modification
occurs through the highly conserved enzymes O-GlcNAc Trans-
ferase (OGT) and O-GlcNAcase, respectively. We are examin-
ing the role of O-GlcNAc in vertebrate development. We have
identified and cloned two ogt genes in zebrafish and will present
their spatiotemporal expression pattern. Overexpressing ogt
leads to a wide range of developmental defects, which we are
currently characterizing. We will determine whether O-GlcNAc
controls cell fate decisions or if it is required for cell viability.
doi:10.1016/j.ydbio.2006.04.335
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Wnt and G protein signaling in primitive and parietal
endoderm differentiation
R. Krawetz, Q. Sun, G.M. Kelly
Univ. of Western Ontario, London, ON, UK
Mouse F9 cells differentiate into primitive endoderm when
treated with retinoic acid (RA) and into parietal endoderm when
treated with RA and dibuturyl cAMP. Differentiation, marked by
changes in morphology and cellular physiology, depends on
numerous signals including those imparted by the Wnts. Wnt6
transfected into F9 cells causes 2-catenin translocation to the
nucleus and the formation of primitive endoderm. Constitutive
activation of G T 13 also causes the 2-catenin translocation,
however, cells differentiate through primitive to parietal endo-
derm.We hypothesize that differentiation to primitive endoderm
requires Wnt signaling, and a G-protein-dependent pathway
involving G T 13 is necessary for differentiation to parietal
endoderm. To test this, we transfected a constitutively active G T
13 mutant into F9 cells and found that, during differentiation, it
signals through p115RhoGEF and RhoA. Inhibiting Rho Kinase
blocks the G T 13, but not the Wnt6-mediated differentiation to
primitive endoderm. G T 13, known to signal through RhoA to
regulate the actin cytoskeleton, can activate members of the
Band 4.1 superfamily of proteins that include ezrin, radixin and
moesin (ERM). Knocking down the expression of moesin in F9
cells, by shRNA or a morpholino strategy, alters the distribution
of actin and ERM proteins, which leads to apoptosis. The
presence of the constitutively active G T 13 mutant in the
moesin-depleted cells prevents apoptosis, but does not facilitate
differentiation. Together, results indicate that Wnt6 signaling is
sufficient to promote primitive endoderm formation, but G T 13
activation is necessary to induce parietal endoderm.
doi:10.1016/j.ydbio.2006.04.336
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Signaling viaGSK-3 is required duringmidline skeletogenesis
Karen J. Liu, Joseph R. Arron, Kryn Stankunas, Gerald R. Crabtree
Stanford University School of Medicine/HHMI, USA
GSK-3 interacts with a many pathways important for skeletal
development, including Wnt, insulin and NFAT-dependent sig-
naling. To study the roles of GSK-3 in these diverse signaling
pathways, we have developed knock-in mice that allow us to
specifically manipulate the stability and subcellular localization
of endogenous GSK-3beta during embryogenesis. Using two
different mutant alleles of GSK-3beta, a conventional knock-out
and our drug-dependent allele, we find that GSK-3beta deficient
mice die perinatally with a complete cleft of the secondary pa-
late. In GSK-3beta deficient mice, the posterior frontal (PF)
suture remains widely patent at birth, possibly due to a delay in
suture formation. Both the palate and the PF suture are derived
from the neural crest, suggesting a requirement for GSK-3 in
neural-crest-dependent craniofacial development. GSK-3beta
mutants also display impaired sternal fusion and delayed ossi-
fication of the sternum. Collectively, these defects are symp-
tomatic of dysregulated Wnt and insulin signaling. While these
phenotypes point to specific non-redundant roles for GSK-3beta
in certain aspects of skeletogenesis, GSK-3alpha has signifi-
cantly overlapping expression patterns with GSK-3beta and may
exert interchangeable functions on other aspects of embryogen-
doi:10.1016/j.ydbio.2006.04.334
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esis. Therefore, we have also developed an orthogonal RNAi
system that enables us to independently manipulate GSK-3alpha
levels. Genetic analysis using Wnt-, NFAT- and insulin-
dependent reporters, in vivo as well as in explant cultures,
allows us to pinpoint the precise molecular and temporal
requirements of GSK-3 during skeletal development.
doi:10.1016/j.ydbio.2006.04.337
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Role of the RGS (regulator of G-protein signaling) domain
of axin in vertebrate axis formation
PatriciaN.Schneider 1,DianeC.Slusarski 2,DouglasW.Houston 2
1 Interdisciplinary Program in Genetics, University of Iowa, Iowa
City, IA, USA
2 Department of Biological Sciences, University of Iowa, IowaCity,
IA, USA
The protein complex of Axin, APC and GSK-3 acts as a
primary negative regulator of theWnt signaling pathway. Axin is
a key scaffolding protein of the 2-catenin degradation complex
and contains a 2-catenin binding domain, a GSK binding
domain, an RGS domain and a DIX domain. Our study focuses
on the role of the Axin-RGS domain. Typically, RGS domains
contain a conserved asparagine (Asn), critical for its ability to
bind heterotrimeric G-proteins. Interestingly, we find that the
Axin-RGS domain encodes a glutamine (Gln) at the equivalent
position, suggesting a novel function for Axin-RGS. Because
Wnt signaling is thought to involve activation of G-protein-
coupled Frizzled receptors, we tested whether the Axin-RGS
domain functions in this context. We generated a point mutation
converting the original Gln to Asn, predicted to increase affinity
for GT and another converting Gln to Ala, predicted to abolish
binding activity. Wild type and mutant Axin were overexpressed
in zebrafish (Danio rerio) and frog (Xenopus laevis) embryos.
We also tested for the ability of the mutant forms to rescue
antisense knockdown of Axin protein. We found that over-
expression of Axin-RGS domain mutants inhibits endogenous
Wnt signaling and showed a differential ability to restore normal
development in fish and frog embryos, albeit with differing
efficiencies. Our results suggest that the interaction of Axin with
G-proteins, via its RGS domain, may play a key role in the
regulation of Wnt signaling during axial development.
doi:10.1016/j.ydbio.2006.04.338
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Identification of a novel xPAK1 partner important for
proper FGF signaling in Xenopus laevis
Steve Jean, Michel Tremblay, Tom Moss
Cancer Research Center and Department of Medical Biology,
Laval University, Hotel-Dieu de Quebec, Canada
The PAKs (p21 activated kinases) are implicated in cell
motility, cell growth, apoptosis, the activation of JNK and p38
and finally in the regulation of the ERK signaling cascade. In
Xenopus laevis, xPAK1 mutants inhibit neural crest cell
migration and induce a de-adhesion phenotype in early embryos.
Ayeast two-hybrid library was screened for xPAK1 partners and
eight novel partners were identified. One of these, N126,
belonged to the large synaptotagmin family with an orthologue
existing in species ranging from C. elegans to human. None has
yet been characterized in any organism. At the tail bud stage, its
expression pattern overlapped that of xPAK1. In particular, both
proteins were expressed in the tail tip and in the brachial arches,
overlapping the FGF8 and FGFR1 expression pattern. Endog-
enous N126 and to a lesser extent xPAK1 expression was shown
to respond to FGF signaling. Over-expression of N126 induced
ectopic tail-like structures at high frequency, reminiscent of FGF
activation. Furthermore, its over-expression in animal caps was
found to induce mesodermal gene expression. On the contrary, a
mutant construct blocked mesodermal gene induction by FGF2,
and this blockage was rescued by full-length N126. Also, N126
was found to interact with the FGFR1, and this interaction was
increased following FGF treatments. We are in the process of
identifying the function of N126 and xPAK1 in the FGF
signaling pathway.
doi:10.1016/j.ydbio.2006.04.339
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XRyk is a novel regulator of convergence extension
movements in Xenopus laevis
Jung-Hyun Her, Jin-Kwan Han
Division of Molecular and Life Sciences, Pohang University of
Science and Technology, Republic of Korea
During development, vertebrate embryos undergo dramatic
changes in body shape. Convergent extension (CE) movements
are a major process to control of polarized cell movement by
which dorsal mesodermal cells converge and extend. Planar cell
polarity (PCP) signaling pathway is essential in regulation of
CE movements in vertebrates. However, the molecular mechan-
isms of PCP signaling pathway are poorly understood. In this
study, we analyzed the function of XRyk in CE movements in
Xenopus laevis. XRyk is an atypical receptor tyrosine kinase but
has no kinase activity. We show that overexpression of XRyk in
whole embryo and dorsal marginal zone (DMZ) explants
inhibits CE movements without affecting cell fate specification.
Interestingly, antisense morpholino oligos for XRyk represent
short body axis and microcephalic head structure in whole
embryo. The inhibition of Wnt11, stimulator of PCP pathway,
injected DMZ explants is rescued by XRyk morpholino and
dominant negative XRyk (?C Ryk). Also, XRyk can signal
to dishevelled (Dsh) and RhoA which are components of PCP
signaling pathway. These results suggest that XRyk functions
as a novel regulator to be essential for PCP-mediated CE
movements.
doi:10.1016/j.ydbio.2006.04.340
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